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. Introduction
In contrast to 3D periodic solids, many liquid crystalline phases exhibit a continuous rotational symmetry, which can be broken either spontaneously or by the presence of external fields or restricted geometries. This symmetry breaking is responsible for some remarkable thermodynamical properties of liquid crystals and is particular reflected in their dynamics, which is in many respects richer than the dynamics of solids. For instance, analogous to the case of many solid ferroelectrics, the fer roelectric Sm A->Sm C* phase transition is spontaneously induced by a doubly degenerate soft mode which softens in the Sm A phase on approaching Tc until it freezes out at Tc. However, in contrast to solid ferroelectrics, a continuous rota tional symmetry is broken at Tc on going from the paraelectric Sm A phase to the ferroelectric Sm C* phase. In view of that, the doubly degenerate soft mode of the Sm A phase splits into two modes in the ferroelectric Sm C* phase: an ampli tude mode which is analogous to the soft mode in solid ferroelectrics and a gapless symmetry recovering Goldstone mode. This Goldstone mode is responsible for the intriguing optical, dielectric and thermodynamical properties of ferroelectric liquid crystals. In the presence of external fields or in a restricted geometry, the Goldstone mode splits into an acoustic-like branch and an optic-like branch, separated by a band gap. This splitting is the result of the change of the plane wave type helicoidal modulation of the Sm C* order parameter to a soliton-like modulation. Ferroelectric liquid crystals thus represent a unique system where the whole region from the plane-wave to the extreme narrow soliton type modulation regime can be induced at will and the corresponding dynamics studied.
Ferroelectric liquid crystalline materials undergo a second order phase transition from the higher-symmetry Sm A phase, where the molecules are oriented along the smectic normal, to the Sm C* phase, where the molecules are tilted with respect to the layer normal. This spontaneous tilting is accompanied by the appearance of a nonzero local spontaneous polarization in the plane of smectic layers, so that the Sm C* phase is a ferroelectric liquid crystalline phase. The orientational ordering of the long molecular axes is described by the equilibrium director field r»o(r), which in the Sm C* phase is tilted with respect to the layer normal at a tilt angle 0, as shown in Fig. 1 . The director no(r) precesses around the layer normal eg as one moves from one layer to another and forms a helicoidal structure. This precession is slow on the molecular scale, so that the corresponding period po of the helical structure is in the micrometer range. This is much larger than the length I of liquid crystalline molecules,so that typically l/po « 10-3 . The period of the helix is in principle incommensurate to the basic periodicity of the smectic layering. Because of the chirality of liquid crystalline molecules, the point symmetry of each smectic layer is C2. This allows for the existance of a local electric polarization Po(r) along the two-fold axis which is perpendicular to the plane of the tilt. The equilibrium polarization field P(r) thus precesses in the same way as the director field, so that the net electric dipole moment of the bulk Sm C* phase equals zero.
The Sm A-»Sm C* phase transition is conveniently described within the Landau theory,1 where the order parameter is the tilt of the molecules £ = (£z , £y , 0) ix = n x nz -9{z) cos $ ( z ) ,
n y nz = B(z) sin .
(lb)
In the unperturbed Sm C* sample the magnitude of the tilt angle is constant, 9(z) = const., whereas the azimuth angle <p(z)t which describes the slow precession of the director field n(z) as one moves along the ^-direction, is linearly dependent on £ :
The spontaneous tilting of the long molecular axis in the Sm C* phase is ac companied by the appearence of a spontaneous polarization P(z) along the local C2 axis Px ~ ~P 0 sin $ ( z ) ,
Py ~ Po cos ®{z) ■ (2b)
In contrast to proper ferro electrics, where the spontaneous polarization is the pri mary order parameter,2 the spontaneous polarization in ferroelectric liquid crystals is a secondary order parameter. This means that the Sm A-»Sm C* phase transi tion is not driven by the interactions which originate from the dipole moments of individual molecules. Instead, the spontaneous polarization in ferroelectric liquid crystals is induced by the tilt> which is here the primary order parameter, so that ferroelectric liquid crystals are improper, helicoidally modulated ferroelectrics. The onset of the helicoidal ordering of molecules in the Sm C* phase of ferroelec tric liquid crystals is responsible for some remarkable and extraordinary optical and thermodynamical properties of this phase. One can here observe and study many diverse and beautiful analogies to other systems such as incommensurate phases, spin waves, one-dimensional photonic band gaps, motion of a particle in a peri odic potential, etc. In this respect, the Sm C* phase of ferroelectric liquid crystals represents a system where one can study rather general physical phenomena on a "mesoscopic", micrometer scale.
Recently, a significant progress in our understanding of thermodynamical prop erties and phase transitions in ferroelectric liquid crystals has been made. In partic ular, we have observed the underlying relations between the spontaneous symme try breaking and symmetry breaking by external fields and their manifesta tion in the physical properties of ferroelectric liquid crystals. In this paper we would like to discuss in particular the similarities between a magnetic-field-induced and a geometry-induced Lifshitz point and the relation between the symmetry breaking by external fields and the spectrum of collective excitations in ferroelectric liquid crystals. The paper begins with the introduction of the concept of the Lifshitz point, which has a physical realization in the (H , T ) phase diagram of a bulk ferroelectric liquid crystal in a transverse magnetic field H , and continues to the discussion of the phase diagram of a ferroelectric liquid crystal confined into a thin layer. This is, in our opinion, a good starting point for the understanding of phase behavior in complex structures of great current interest, such as gels and porous media. The paper then continues with the discussion of the optical properties of helical struc tures in external fields, where we use a simple perturbative approach to the optics of liquid crystals and show that the basic optical properties can be well described within such an approach. In Sec. 5 we introduce the concept of the order parameter excitations in the vicinity of the Sm A->Sm C* phase transition. After that, we discuss the effects of an external magnetic field on the spectrum of phason excita tions and explain the observed phenomena on the basis of symmetry arguments. The paper concludes with the discussion of the quasielastic light scattering and the fundamentals of the optical detection of the linear electrooptical response in ferroeletric liquid crystals. Here, g& is the equilibrium free-energy density of the Sm A phase, Ax is the diamag netic anisotropy and the magnetic field is applied in the y-direction, H = (0, if, 0). We assume that a(T) -a(T -7^), a and b are positive constants, and 2 r ^ the phase transition temperature for the racemic mixture. A racemix mixture is a 1:1 mixture of the right-and left-handed enantiomers of the liquid crystal. In the Eq. (3), A is the coefficient of the Lifshitz term, which has the origin in the chirality of the molecules and induces helical modulation of the Sm C* phase, K$ is the torsional elastic constant, e is the dielectric constant of the Sm A phase, ft is the fiexoelectric coefficient and C is the electroclinic coefficient. We assume that the system is homogeneous in the x^y plane, which is parallel to the smectic planes.
Lifshitz Point in Ferroelectric Liquid
The polarization terms in the Eq. 
by + £^"* The partially minimized free-energy density is written as ( 6 ) The phase transition boundaries between the Sm A phase and the lower temperature modulated Sm C* or homogeneous Sm C can be obtained by the linear stability analysis.4 As a result, one obtains the so-called Lifshitz field Hl 
For the sake of simplicity we have been using here the old notation for A and K3, but one has to be aware that these are polarization-renormalized values. We have also used the one constant approximation for the elastic distortion in the re and z directions, respectively. The Sm A-Sm C* transition for an unconfined bulk sample is Tc = T* -j-~ K 3 where qc = AjK$ is the wave vector of the undeformed helix and T* =T£ + ¿ e C 2. C* will take place at a lower temperature than in the bulk. There will be, however, some limiting thickness d\,p, below which the phase transition Sm A-»Sm C will take place. Since the homogeneous boundary conditions for d < ¿¿lp do not interfere with the homogenous ordering of the surface-unwound Sm C* phase, we expect a thickness-independent phase transition boundary for d < dhp indicate that instead of a continuous director field, a system of disclination lines mediates the transition between the homogeneous orientation dictated by the sur face and the helical structure in the interior of the liquid crystal. This means that we are always in the strong coupling regime. In the case of a system of disclination I u™"13 
O ptics of Ferroelectric Liquid Crystals in M agnetic Fields
Many of the interesting and fundamental properties of ferroelectric liquid crystalline phases can be conveniently studied by different optical and electrooptical techniques such as quasielastic light scattering, optical response measurements, selective reflec tion, optical interferometric techniques, etc. The reason for using optical spectro scopic methods in the analysis of thermodynamical properties of ferroelectric liquid crystals lies in the strong coupling of the director field n(r, t) to the dielectric tensor field e(r,f), as well as in the high sensitivity and local probing of optical methods. Understanding the optical properties of ferroelectric liquid crystals, which are by themselves very attractive and interesting problems, is thus necessary. Although almost everything which is related to the problem of light propagation in these biré fringent and helicoidally modulated structures seems hardly solvable analytically,22 we would like to present here some simple views and basic concepts, which sur prisingly can explain most of the basic optical phenomena in ferroelectric liquid crystals.
In the ferroelectric Sm C* phase, each smectic layer can be considered as a weakly biaxial Sm C phase, which is described by the dielectric tensor e with the eigenvalues e\ , e2 and The dielectric tensor which defines the optical properties of the Sm C* phase is obtained by two successive rotations of the tensor e, starting from the configuration where the eigenframe (1,2,3) coincides with the laboratory frame (rc,i/,z), as shown in Fig. 9 . First, the tensor e is rotated through the tilt angle 6 around the y-axis followed by a rotation through the phase angle $ ( 2) around the 2- 
whereas the approximate solution is expressed in the form of a Bloch wave
The above expressions show that the perturbation 6 e(z) plays the role of a periodic potential which couples the unperturbed eigenmodes |k, cr) and |k ,7r). Because 6 e contains two terms with spatial periods qc and 2qc> respectively, we can expect that the perturbation would mix unperturbed eigenwaves with wavevectors that differ by k -k' = qc or 2qc ,
where the corresponding unperturbed eigenvalues are degenerate, wo(k,cr) = uq (k, 7r). In the ferroelectric liquid crystal this is fulfilled when light is propagating at a Bragg angle or along the helix. The most striking result of the presence of a periodic dielectric tensor 6 e(z) is the appearance of band gaps at the degeneration points, as shown in Fig. 10 . This results in a band structure for the dispersion relation of the propagation of light in a weakly anisotropic, periodic medium, and strongly resembles the energy band structure for a particle, propagating in a periodic potential. One can see from 
sin2 a ni 
inim a o f the conoscopic figure in the antiferro electric (A F E ) phase of a liquid crystal M H PO BC .25 T he solid line represents the best fit within the first order approximation to the optics of chiral liquid crystals. T h e critical field for the unwinding of the A F E helical structure is 13 T and is observed as a point where the positions of the conoscopic minima saturate.

According to Eqs. (34) and (35), A (H) depends strongly on the magnitude of the tilt angle and the difference € 3 -
This means that the deformation of the normal surfaces is very small near TCi where the tilt angle is small and increases upon decreasing temperature. The influence of the magnetic field on the normal surface of a helicoidal smectic phase has recently25 been observed in an interferometric study of the magnetic field induced distortion in an antiferroelectric liquid crystal and is shown in Fig. 12 . An excellent agreement was found between the predicted and observed distortion of the normal surface. The soft mode dispersion branch is thus strongly temperature dependent and has a minimum at the wave vector gc, which is the wave vector of the modulation of the Sm C* phase. In the Sm A phase the order parameter excitations have a form of helicoidally polarized overdamped plane waves with the wave vector q (see Fig. 13 The observed structure and temperature dependence of the spectrum of the order parameter excitations in the vicinity of the Sm A->Sm C* phase transition in the unperturbed ferroelectric liquid crystal are in general agreement with the predictions of a Landau theory. Here, the generalized Landau model does not qualitatively alter the structure of the order parameter excitation spectrum but merely introduces a temperature dependence, which reflects the temperature dependence of the period of the helix of the ferroelectric structure.
B ro k en S y m m etries a n d G apless P hasons
S y m m e try B reak in g by E x te rn a l Fields
When an external magnetic field is applied perpendicular to the helical axis of a ferroelectric liquid crystal, it distorts the helical arrangement of liquid crystalline molecules and induces a so-called soliton-like structure, for fields lower than the critical field Hc. This distortion of helical structure breaks the continuous helical symmetry of the unperturbed Sm C* phase, as can be easily seen by considering the symmetry properties of the unperturbed and distorted Sm C* phases. In the unperturbed Sm C* phase any infinitesimal translation of the structure along the 2-axis can be combined with a suitable infinitesimal rotation around the 2-axis to transform the system into itself. The unperturbed Sm C* phase has thus a char acteristic continuous helical symmetry. On the contrary, the distorted Sm C* phase is invariant under a group of discrete transformations, i.e. it is trans formed into itself by a translation over half a period po along the 2-axis, followed by a 180° rotation around the helical axis.
This symmetry breaking by external fields has some deep and fundamental con sequences for the spectrum of the order parameter excitations in ferroelectric liquid crystals. Here we shall discuss the magnetic-field effects on the phason excitation spectrum only, although similar phenomena can be expected for the behavior of the soft and amplitudon excitations as well. Many interesting consequences of the symmetry breaking by external fields can be understood by simply using symme try arguments and analogies to other systems. For example, in the unperturbed Sm C* phase, the phason excitations which propagate along*the helical axis exhibit a plane-wave behavior with a gapless and parabolic dispersion relation. Phason excitations are here just twist-bend-like elastic distortion waves, superposed onto the helical structure. When such an excitation propagates along the helix, it "sees" a smooth and uniformly twisted structure. All points of the helix are thus equiv alent with respect to such an excitation, which results in the plane-wave nature of phason propagation in the unperturbed helix. However, when such a phason propagates in a magnetic-field distorted structure, it "sees" a regular and periodic array of 7r-soliton walls, resulting from the magnetic field induced breaking of the helical symmetry. This soliton-wall lattice, in combination with the coupling of the excitation to the external magnetic field, thus results in a periodic perturbation, experienced by the phason as it propagates along the distorted helix.
The dynamics of a phason excitation in a soliton-like distorted Sm C* phase is thus analogous to the motion of a particle in an external periodic potential, which is a well-known and well understood problem. As a result of the presence of the periodic potential, the concept of a Brillouin zone (BZ) has to be introduced, whereas the excitation eigenfunctions obtain the Bloch form. Perhaps the most striking consequence of the symmetry breaking by the external fields is the appearence of band gaps G(q) in the excitation spectrum w(q,p), which becomes a periodic function in the reciprocal space, as shown schematically in Fig. 16 .
The influence of an external magnetic field on the phason dispersion relation can be analytically calculated in the constant amplitude approximatio, thus ne glecting the amplitudon contribution to the nonequilibrium free energy expansion. By writing the order parameter £(zyt) £x(z>t) = 9 cos §(z}t), £y(2, t) = # sin $ (2,£),
where 9 is the equilibrium tilt angle and $ (2, t) is the phase of the order parameter, the phase-dependent part of the free-energy density 5 at Tc -T = 3 K and q -0. T he solid line is th e best fit to th e Eq. (56).36 '37 same time the continuous translation symmetry of the Sm A phase is broken into the discrete translation symmetry of the soliton-like distorted Sm C* phase. Thus, the Goldstone mode is still expected to exist and it should appear in a form of a sliding translational wave, which tries to restore the broken translational symmetry of the Sm A phase. Finally, beyond the Lifshitz field Hi only a discrete point symmetry is broken at the Sm A-»Sm C phase transition and a zero frequency mode should not exist.
Let us conclude the discussion of symmetry breaking and collective excitations with some remarks on the effects of external electric fields. For high frequency AC fields, which couple to the dielectric anisotropy tensor quadratically, the effect on the spectrum of collective excitations is expected to be exactly equivalent to the magnetic field effects. In this case, the splitting of the phason spectrum appears at q = 0 and should thus be observable, for example, with the dielectric spectroscopy in two different experimental geometries, as shown in Sec. 7. The effect of a DC field, which couples linearly to the polarization, is quite different. First, instead of a 7r-soliton lattice we have here a 27r-soliton lattice. As a result, the period of the perturbation for phason propagation which has its origin in the formation of soliton walls is equal to the period p(E) of the helix in the case of an applied electric field. This is quite different from the magnetic field, where the period of the perturbation is equal to p(H)/2. As a result, the size of the Brillouin zone is two times smaller in the case of a DC electric field than in the case of a magnetic field. Following a simple construction of the Brillouin zone, we see that in an external DC electric field the band gaps appear outside the center of the reciprocal lattice, i.e. at the wave vector qc/2. Consequently, the phason splitting cannot be observed with dielectric spectroscopy in a DC field, but can be observed in a quasielectric light scattering experiment. For a more detailed elaboration of this problem see Ref. 37. 7 . Q u asielastic L ight S c a tte rin g a n d O ptically D e te cte d D ielectric S p ectro sco p y
In the ferroelectric Sm C* liquid crystal, collective excitations of the order parameter £(r, t) are strongly coupled to the dielectric tensor field e(r, t) and the spontaneous polarization field P(r>¿). In an experiment they are thus observable as collective, spatially correlated reorientations of the optical axis or the dipole moment, respec tively. The relaxation rates of the order parameter excitations are in the range from 10 Hz to 1 MHz, and can relatively easily be observed in quasielastic light scattering experiments and in dielectric spectroscopy. Whereas the quasielastic light scatter ing allows for the determination of the dispersion relations r -1 (q) for the order parameter excitations, dielectric spectroscopy measures the response of the system at the wave vector q = 0. Quasielastic light scattering, or Rayleigh scattering spectroscopy, is a well-known optical spectroscopic method, which is very useful for the study of elementary ex citations in liquid crystals. Because of extremely large optical birefringencies and very low relaxation rates, the orientational fluctuations in liquid crystals scatter light strongly. Light scattering in liquid crystals can be as high as a million time stronger than in optically isotropic liquids. In the quasielastic light scattering ex periment one measures the time correlation of the intensity of scattered light at different scattering wave vectors. This allows the determination of the thermally excited dynamics of the system under study. The quasielastic light scattering in liquid crystals thus plays a similar role as the inelastic neutron scattering in the study of phonon excitations in solid crystals. The magnitude of the scattering wave vectors which are accessible in a light scattering experiment depends on the scat tering geometry and the wavelength of the laser light. We can thus probe the most interesting interval in the reciprocal space (i.e. the first BZ of the Sm C* phase) by a proper selection of the scattering geometry. The magnitude of the BZ can also be adjusted by mixing right-and left-handed enantiomers to 1-10 / i n r 1, the inverse of which falls with the range of accessible laser sources.
There is, however, one important difference between neutron scattering in solids and light scattering in liquid crystals, which originates from the extremely high optical anisotropies of liquid crystals. Liquid crystalline phases are optically uniaxial or biaxial materials with exceptionally large birefringence of the order of An « 0.1-0.2. This birefringence is orders of magnitude larger than in other materials. In spatially homogeneous liquid crystalline phases such as N, Sm A and Sm C, light can propagate as an ordinary or an extraordinary linearly polarized wave. These waves are scattered from thermally excited fluctuations of the dielectric tensor and the scattered light can again propagate as an ordinary or extraordinary wave. In liquid crystals, an ordinary wave can thus be scattered into an extraordinary (o-e scattering) or an ordinary wave (o-o scattering), respectively. The situation with the extraordinary wave is similar, so that light scattering in liquid crystals is strongly polarization dependent.
In the first order approximation, which is expected to be valid far from degeration points, the helicoidal Sm C* phase is treated as a slightly perturbed optically uniaxial crystal. The eigenwaves of light propagation are linearly polarized ordinary |k , < r ) and extraordinary [ k ',7 r ) waves, with the wave vectors k and k ' and polariza tions <7 and 7T, respectively. Thermal excitations of the order parameter field £(r, t) result in the fluctuations of the dielectric tensor field £(r > ¿) -£o(r) + ¿£(r, t) ^ e(r,¿) = € (r)+ 5 e (rf¿).
Here, e(r) denotes the time average tensor, whereas
is the deviation of the order parameter from the equilibrium, which scatters light quasielastically. In a scattering process, the incident light with wave vector k and polarization p is scattered from thermal fluctuation 5e(r, t) into a light wave with wave vector k and polarization p'. In the limit of small 0, the fluctuating part of the dielectric tensor Se(z, t) is derived from Eq. (26) in terms of the nonequilibrium order parameter as 6e{z,t) oc(e3 -ei)
Here, 6£o and represent the amplitudon and the phason excitations respectively, and $o(^) is the equilibrium phase profile. From the above expression we see that the excitations of the order parameter can indeed be observed as the excitations of the dielectric tensor field 6e(z} t)
The fluctuations of the off-diagonal terms are thus observable as a strong depolarized scattering between the ordinary and extraordinary waves or vice versa.
Following the standard approach41 to the scattering of a monochromatic plane wave with polarization i, wave vector k*, frequency w, and amplitude Eq E{ -i Eq eiVi*~iWit (62) from the fluctuations of the dielectric tensor <5e(r, £), the projection of the scattered electric field amplitude f . E s at a distance R from the sample is
Here, q s is the scattering wave vector, q8 = k,--k /, and
is the Fourier transform of the fluctuating part of the dielectric tensor, projected onto the polarizations i and f of the incoming and the scattered beam, respectively. In a light scattering experiment, the time autocorrelation function r p
G(2)( t) = {1(0) /(r)> = lim ^ f dt I(t) I(t + r) (65) O O I Jq
of the scattered light intensity I(t) is detected. Usually, a small portion of a co herent, elastically scattered field is mixed with the quasielastically scattered field ES) so that the experiment is in the so-called heterodyne regime. In this case, G<2>( r ) is proportional to the autocorrelation function of the Fourier component of the dielectric tensor field G(2)(r) ~ R e {{^i/(q Sf0) ie^q^r ) } } .
(66)
In the case of scattering of ordinary polarized light, i = (0,1,0), into extraordinary polarized light, f = (sin a,0 ,co sa), the projection 8tif(zyt) is
The scattering amplitude in this geometry is thus proportional to the 6£y component of the order parameter, which is in turn proportional to the phase and amplitude fluctuations (see Eq. (60)). In the unperturbed Sm C+ phase, $ 0(2) = QcZy and the order parameter exci tations (2, t) = S£l cos(qz + < f> i) e~lfT are plane waves with wave vector q. The Fourier component $ei/(qSi t) at the scattering wave vector qs is nonzero if the wave vector of the excitation equals q -dtqB ± qc ( 
68)
The corresponding autocorrelation function of the scattered light intensity G^( r , qa) in the heterodyne regime then consists of two distinct, exponentially decaying contributions from the phason and the amplitudon excitations, respectively G(2,( t , 9s) =: t)6 ($ (q , t + r)) + (S("(q, t) S(g(q,t + r )) = t))2) e -f'* + <(«#(,, t))2) ■
Here, ((¿CfOM))2) is the mean square amplitude of the phason and the ampli tudon excitation, respectively. The quasielastic light scattering experiment should thus allow the determination of both relaxation rates. In practice, the situation is somewhat complicated in view of the large differences in the relaxation rates of the amplitude and phase modes which result in large differences in the corresponding scattering amplitudes. The amplitudon modes, which have much higher relaxation rates, have correspondingly smaller amplitudes and are more difficult to observe. Similar analysis can be performed in the case of a distorted Sm C* phase. Here the equilibrium phase equals sin $ 0 (2) Whereas the condition (Eq. (68)) for the observation of the order parameter excita tions in the unperturbed Sm C* phase can be interpreted as the shift of the original BZ by the reciprocal vector dbqC i the above condition reflects the periodicity of the dispersion relation in the reciprocal lattice of a distorted Sm C* phase.
In contrast to the quasielastic light scattering spectroscopy which allows for the determination of the dispersion relation of the order parameter excitations, the di electric spectroscopy is a very useful probe for determining the susceptibilities of the soft, amplitude and phase modes at q -0. This method suffers an inherent de ficiency of probing a rather thin book-shelf aligned sample with a large surface area. Such a restricted planar geometry can in principle induce such a band structure of phason excitations via the surface-induced deformation of the helical structure.
This problem can be circumvented by an optical detection of the linear response of the Sm C* phase to a small external field.42 This technique can be used in book shelf as well as homeotropically aligned smectic phases. A small in-plane external electric field E 0 eiwt is applied to the homeotropic aligned Sm C* phase. This field couples linearly to the spontaneous polarization P and induces a phase distortion 6<f>{z) with the amplitude « # * ) = ¿ 0 sinfac*) = -T + T ffij Sin(,' Z)'
The electric field thus couples to the phason mode at the edge of the Brillouin zone.
Here, Pq and 6 are the magnitudes of the spontaneous polarization and the tilt 
As we have shown, at small tilt angles, the first order approximation to be valid and the apace averaged dielectric tensor (e(r)} determines the optical properties of the Sm C* phase. After linearizing Se(z) in 6(f>(z), the space averaged dielectric tensor of the Sm C* phase, perturbed by a small electric field, is a 0 6 0 a 0 6 0 b
Here, a = ei + |( e 3 -ei) sin2 0, b = ei 4-(¿3 -€1) cos2 9 and
The influence of a small external field to the average dielectric tensor is shown in the ¿-term, which is field-dependent via $0(E). As a result of a small external field, nonzero, off-diagonal terms appear in the dielectric tensor. This form of the dielectric tensor can be obtained by rotating the originally diagonal dielectric tensor with the principal values ei = €2 -a and €3 = 6 around the y-axis, i.e. around the electric field direction. The phase distortion, as induced by the external field, thus results in a small rotation of the effective dielectric tensor, which represents a small rotation of the optical axis around the direction of the external field. The angle of the rotation 77 of the optical axis is in the limit of a small distortion proportional to the external field 1
and can easily be detected by an optical interferometric technique. R om the fre quency dependence of the linear electrooptic response, one can determine the re laxation rate q2 of the phason mode at the edge of the BZ of the Sm C* phase.
A similar analysis can also be applied to the linear response of a magnetic-field distorted helicoidal Sm C* phase, with some particular differences. First, the single mode at the edge of the BZ splits into an acoustic and optic-like mode, and sec ond, in view of the periodicity of the phason dispersion relation, an infinite number of higher-frequency optic-like modes should appear at the BZ. The relaxation fre quencies of these higher-frequency modes which originate from the neighboring BZ are typically one order of magnitude higher than the relaxation frequency of the two lowest modes and can be neglected in view of their small contribution to the response of the system.
The contributions of the acoustic-like and lowest lying optic-like mode to the electrooptic response of a distorted helicoidal structure can be calculated from the free-energy density, which includes the electric polarization terms (Eq. (3) ). This analysis can be simplified by considering the electric polarization properties of the phason excitations at the edge of the BZ. The relation between the fluctuation of the tilt order parameter £{z,t) and the polarization P(¿,¿) can be derived from the free-energy expansion (Eq. (4))
6Px = €pt^k -t C 6 t y t (76a)
8 Py = efi + eC8£x .
(76b)
The space-averaged spontaneous polarizations (P) of each mode at the edge of the BZ that are relevant for the linear response of the system at q ~ 0 are:
The acoustic mode : (¿P®) oc eC{cn2(«,&)) ^ 0,
<Fy) = 0-
The optic mode : (8PX) ~ 0,
(8Py} oc € C{sn2(u, k)) 0.
Because the magnetic field is applied in the ^/-direction, we observe from the above equations that the acoustic mode represents a collective excitation with (P)X H , whereas for the optic mode (P) [j H. The above relations thus enable a selective probing of either the optic or the acoustic-like mode via the polarization-selective rules.
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